Four new coumarins, murrangatin-1'-senecioate (1), 5-methoxypanial (2), mexoticin-2'-senecioate (3) and murralongic acid (4), were isolated from the leaves of Murraya paniculata var. zollingeri, together with 23 known coumarins. The structures of the new compounds were elucidated based on spectroscopic data. The taxonomic status of M. paniculata var. zollingeri is briefly discussed, along with its similarity to M. paniculata.
Murraya paniculata is the most widely-spread species belonging to section Murraya, and is found in tropical and subtropical Asia. Recently, M. exotica was reinstated into section Murraya based on the morphology of its leaflets and fruits [1] . Based on these criteria, the species of Murraya found in Japan appears to be M. exotica.
Our laboratory focuses on understanding the chemistry of Rutaceous plants, and has obtained significant chemical information on M. paniculata and related species [2] . The chemical makeup of M. paniculata and M. exotica are distinguished by their prenylcoumarins: M. paniculata contains 5,7-dimethoxy-8prenylcoumarins, while M. exotica contains 7-methoxy-8prenylcoumarins [3] . Three varieties of M. paniculata are recognized; of these, var. omphaloarpa, which is endemic to Botel Tobago in Taiwan, has been reclassified as being identical to M. paniculata [4] . Previously, we obtained another variety of M. paniculata, var. zollingeri, which is endemic to Timor Island, Indonesia, and studied its chemosystematics [5] .
In this paper we report the structural elucidation of four new coumarins from M. paniculata var. zollingeri: murrangatin-1'senecioate (1), 5-methoxypanial (2), mexoticin-2'-senecioate (3) and murralongic acid (4) . We also isolated and identified 23 known coumarins: coumurrayin [6] , 7-methoxy-8-formylcoumarin [7] , murralongin [8] , murracarpin [9] , minumicrolin [8] , murrangatin [7] , phebalosin [10] , murrangatin palmitate [8] , isomurralonginol isovalerate [11] , microminutin [12] , mexoticin [8] , sibirinol [11] , sibiricin [8] , 5,7-dimethoxy-8-(3-methyl-2-oxo-butyl)coumarin [6] , umbelliferone [8] , murrangatin-2'-isovalerate [11] , scopoletin [8] , 5-methoxymurrayatin [13] , chloculol [11] , toddalenone [6] , murrangatin-2'-acetate [10] , isomurralonginol nicotinate [14] and panial [14] . We here report our findings of the chemical constituents of M. paniculata var. zollingeri and discuss their chemosystematic categorization.
Murrangatin-1'-senecioate was obtained as a colorless oil. The molecular formula, C 20 H 22 O 6 , was determined by HR-FAB-MS. The UV absorption bands [λ max 206, 220sh, 250sh, 260sh, 322 nm], IR bands [ν max 1732 and 1607 cm -1 ], and 1 H NMR signals at δ 3.95 (7-OCH 3 ), 7.59 and 6.25 (each 1H, d, J= 9.5 Hz), and δ 7.37 and 6.84 (each 1H, d, J= 8.8 Hz) were consistent with a 7-methoxy-8substituted coumarin skeleton. Signals at δ 4.75 (1H, br s), 4.70 (1H, br s), and 1.76 (3H, s) in the 1 H NMR spectrum were easily assignable to two exo-methylene and allyl methyl protons, respectively. The presence of a senecioic acid ester moiety in the molecule was indicated by the following 1 H-and 13 C-NMR signals: δ H 5.80 (1H, br s), 2.14 (3H, s) and 1.88 (3H s); δ C 166.2 (s), 158.0 (s), 115.7 (d), 27.5 (q), 20.4 (q). The above data indicated that the compound was the senecioate ester of murrangatin. An HMBC experiment showed that the senecioyl ester was located at C-1'. Key correlations were observed among H-1' (δ H 6.48) / C-8a (δ C 153.4), C-7 (δ C 160.5), C-1" (δ C 166.2); H-2' (δ H 4.94) / C-8 (δ C 113.9), C-1' (δ C 70.0), and C-5' (δ C 17.5). To confirm the structure, Table 1 : NMR data (CDCl 3 ) of murrangatin-1'-senecioate (1) and murralongic acid (4) . (-)-murrangatin, a known coumarin found in M. paniculata var. zollingeri, was reacted with 3,3-dimethylacryloyl chloride in pyridine to provide 1'. Comparison of the IR, MS, and NMR spectra of 1 and 1' showed the two compounds to be identical. On the basis of these spectral data, the structure of 1 was proposed to be murrangatin-1'-senecioate. The absolute configuration of the two chiral centers in (-)-murrangatin is known to be [R, R] [11] . The negative optical rotation of semi-synthetic 1' prepared from (-)-murrangatin and 3,3-dimethylacryloyl chloride was not in agreement with that of the natural product (1). Thus, the absolute configuration of the two chiral centers in 1 was found to be [S, S]. (2) was isolated as a colorless oil. The molecular formula, C 16 H 16 O 6 , was established by analysis of the HR-MS data. The IR (3567, 1728, 1603 cm -1 ) and UV spectra [λ max 206, 224sh, 260sh, 322 nm] indicated that compound 2 has a 5,7-dimethoxy-8substituted coumarin skeleton [15] . This was supported by the 1 H NMR spectrum (Table 2) , which showed the presence of a set of two doublets [δ 7.99, 6.19 (each 1H, d, J= 9.5 Hz)] and a singlet at δ 6.35 in the aromatic region, along with two methoxy signals at δ 4.01 and 3.96 (each 3H, s). In addition, the 1 H NMR spectrum showed signals at δ H 6.25 (1H, d, J= 8.1 Hz), 6.94 (1H, d, J= 8.1 Hz), 1.81 (3H, s) and 9.44 (1H, s), and the 13 C NMR spectrum provided signals at δ C 63.1 (d), 153.1 (d), 138.2 (s), 195.2 (d), and 9.4 (q). Two singlets at δ H 9.44 (1H) and 1.81 (3H) were assignable to aldehyde protons and an allyl methyl group, respectively. A doublet at δ H 6.25 (1H, d, J= 8.1 Hz) was found to couple with the δ H signal at 6.94 (1H, d, J= 8.1 Hz). HR-MS provided a mass fragment at m/z 275 and 235, corresponding to [M + -CHO] and [M + -CH=C(CH 3 )-CHO], respectively, and showed that the structure of the side chain at C-8 is [-CH(OH)-CH=C(CH 3 )-CHO]. From the above results, together with the observation of NOEs between an aldehyde proton at δ H 9.44 and a olefinic doublet proton at δ H 6.94 (H-2'), we propose that the structure of 2 is 5-methoxypanial.
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5-Methoxypanial
Mexoticin-2'-senecioate was obtained as a colorless oil. Its molecular formula, C 21 H 26 O 7 , was confirmed by HR-MS. The IR (3568, 1721, 1604 cm -1 ) and UV spectra [λ max 206, 224sh, 252, 260sh, 324 nm] clearly indicated a 5,7-dimethoxy-8-substituted coumarin skeleton [15] . The 1 H NMR spectrum revealed the presence of two doublets [δ 7.94 and 6.10 (each 1H, d, J= 9.5Hz)] and a singlet proton at δ 6.28 in the aromatic proton region, along with two methyls at δ 3.93 and 3.91. All these assignments support the 5,7-dimethoxy-8-substituted coumarin skeleton. The side chain at the C-8 position was elucidated as -CH 2 -CH(OCO-CH=C(CH 3 ) 2 )-C(OH)(CH 3 ) 2 from the following spectral data: two singlets at δ 1.31 and 1.36 (each 3H) due to the gem-dimethyls of a terminal hydroxyisopropyl group, and a series of ABX signals at δ 2.99 (1H, dd, J= 2.2, 13.9 Hz), 3.20 (1H, dd, J= 10.3, 13.9 Hz) and 5.06 (1H, dd, J= 2.2, 10.3 Hz). The presence of an acyl group at the C-2' position was evident from the marked downfield shift of H-2' at δ 5.06; these shifts were attributed to a senecioate group from the signals at δ H 5.13 (1H, br s), 1.92 (3H, s), and 1.79 (3H, s), and δ C 166.2 (s), 115.9 (d), 155.8 (s), 27.2 (q), and 20.0 (q). The structure was confirmed by HMBC experiments. Key correlations were observed between H-1'( δ H 2.99, 3.20) / C-7 (δ C 161.4), C-8 (δ C 106.9), C-8a (δ C 154.1); H-4' (δ H 1.31) / C-2' (δ C 78.4), C-3' (δ C 72.6), C-5' (δ C 25.1); H-5' (δ H 1.36) / C-2' (δ C 78.4), C-3' (δ C 72.6), C-4' (δ C 27.2). From these results, the senecioyl ester group was determined to be located at C-2', allowing 3 to be assigned as mexoticin-2'-senecioate. To confirm the structure, (S)-(-)-mexoticin [13] , a known coumarin found in M. paniculata var. zollingeri, was reacted with 3,3-dimethylacryloyl chloride in pyridine to give 3'. Comparison of the optical rotation, UV, IR, NMR and mass spectra of 3 and 3' showed the two compounds to be identical. Thus, the absolute configuration of 3 was established as S at the C-2' position.
Murralongic acid (4) was isolated as a colorless oil, C 15 (C-2') and 23.0 (C-4'). Together, these results led us to propose that the structure of 4 is murralongic acid. Murralongin (5'-CHO) is known to be biogenetically derived from the epoxy coumarin, phebalosin, via a rearrangement reaction [16] . Murralongic acid (4, 5'-COOH) was derived by oxidation of murralongin.
We previously suggested the possible occurrence of several chemical races in M. paniculata, and instated the Formosan and Indonesian races [8] . The Formosan race can be clearly distinguished from the Indonesian race by the absence of 5,7dimethoxy-8-prenyl coumarins, compounds that are principal constituents of the Indonesian race [7] . The present study conducted on leaves of the Indonesian race revealed the presence of characteristic 5,7-dimethoxy coumarin derivatives, thus substantiating the reinstatement of the Indonesian chemical race.
Experimental
General: UV spectra were recorded on a UVIDEC-610C doublebeam spectrophotometer (JASCO) in MeOH, and IR spectra on an IR-230 (JASCO) spectrophotometer in CHCl 3 . Optical rotations were measured on a DIP-370 (JASCO) in MeOH at 25 o C. MS were taken with either an HX-110 (JEOL) or JMS-700 (JEOL) spectrometer with a direct inlet system. 1 H-and 13 C-NMR, NOE, HMQC and HMBC (J= 8Hz) spectra were recorded on JNM A-400, A-600, and/or ECP-500 (JEOL) spectrometers in CDCl 3 .
Preparative TLC was carried out on Kieselgel 60 F 254 (Merck).
Plant materials:
The plant materials were collected at Komodo Island, Nusa Tenggara Timor, Indonesia, under permit of the Indonesian Institute of Sciences (LIPI), Bureau of Science and Technology Cooperation (issued on July 23, 1998). Voucher specimens (collectors: T. Kinoshita and T. Uji) were deposited at the Herbarium, National Museum of Nature and Science, Tsukuba, Japan, and the Herbarium Bogoriense, Bogor, Indonesia. Although the name Murraya paniculata (L.) Jack var. zollingeri Tanaka is no longer accepted under the current systematics, this name is tentatively used in this paper to indicate that the plant source is a chemical race distinguishable from other taxa.
Extraction and isolation:
Dried leaves (323.7 g) of M. paniculata var. zollingeri were extracted with acetone under reflux (2 L x 2), then the solvent was evaporated under reduced pressure to give the acetone extract (27.2 g). This was chromatographed over silica gel and eluted sequentially with toluene, toluene: AcOEt (2:1), AcOEt: toluene (1:2), AcOEt, and acetone. The following fractions, each 300 mL, were obtained: toluene eluate (fr 1-30, 8.43 g), toluene-AcOEt (2:1) eluate (fr 31-40, 10.5 g), AcOEt-toluene eluate (fr. 41-43, 0.639 g), AcOEt eluate (fr 44-50, 3.05 g) and acetone eluate (fr 51-55, 0.07 g). Each eluate was subjected to repeated PTLC [solvent: acetone-n-hexane (4:6), acetone-CHCl 3 (2:8), iso-Pr ether, AcOEt-n-hexane (9:1)]. The toluene eluate afforded one coumarin, coumurrayin (2.7 mg). The toluene-AcOEt eluate afforded murralongic acid (4, 1.3 mg), 7-methoxy-8-formylcoumarin (3.8 mg), murralongin (0.5 mg), murracarpin (3.2 mg), minumicrolin (5.7 mg), murrangatin (224.1 mg), phebalosin (406.5 mg), murrangatin palmitate (17.1 mg), isomurralonginol isovalerate (2.7 mg), microminutin (2.1 mg), mexoticin (15.9 mg), sibirinol (8.8 mg), sibiricin (4.3 mg), 5,7-dimethoxy-8-(3-methyl-2-oxobutyl)coumarin (0.6 mg) and umbelliferone (9.2 mg). The AcOEttoluene eluate afforded murrangatin-1'-senecioate (1, 2.5 mg), murrangatin-2'-isovalerate (2.2 mg), scopoletin (1.3 mg), 5methoxymurrayatin (1.3 mg), chloculol (1.2 mg) and toddalenone (1.0 mg). The AcOEt eluate gave mexoticin-2'-senecioate (2, 1.6 mg), 5-methoxypanial (3, 0.8 mg), murrangatin-2'-acetate (5.4 mg), isomurralonginol nicotinate (1.7 mg) and panial (5.6 mg). 
Murrangatin
Synthesis of murrangatin-1'-senecioate (1):
A pyridine (3 mL) solution of (-)-murrangatin (10 mg) and 3,3-dimethylacryloyl chloride (15 mg) was left at room temperature overnight, then evaporated to dryness. The residue was purified by preparative TLC (silica gel; AcOEt-benzene=7:3) to afford 1' as a colorless oil, [α] D -2.96 (c 0.28, CHCl 3 ) (5.6 mg). 1' was identical with the natural product 1 in IR, MS and NMR spectra, except for the optical rotation. 13 C NMR and HMBC: Table 2 . Differential NOE: irradiation of OMe (3.91) -16% enhancement of H-6 (6.28), irradiation of OMe (3.93) -13% enhancement of H-6 (6.28). HRMS Calcd for C 21 H 26 O 7 : 390.1679, Found 390.1687. EI-MS m/z: 390 (M + , 5%), 290 (43%), 275 (40%), 249 (53%), 247 (11%), 220 (24%), 219 (100%), 161 (23%).
5-Methoxypanial
Synthesis of mexoticin senecioate (3):
A pyridine (3 mL) solution of (-)-mexoticin (3.4 mg) and 3,3-dimethylacryloyl chloride (10 mg) was left at room temperature overnight, then evaporated to dryness, The residue was purified by preparative TLC (silica gel; AcOEt-benzene=7:3) to afford 3' as a colorless oil (2.6 mg). 3' was identical with the natural product 3 by its optical rotation, UV, IR, MS and NMR spectra. ( 
Murralongic acid
